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IRUVLPXODWLQJIORRGSHGHVWULDQLQWHUDFWLRQLVDXJPHQWHGWRSDUWLFXODUO\
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PHWULFYDULDEOHZDONLQJVSHHGDQGLQVWDELOLW\
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WUDQVLHQWFKDQJHVLQWKHK\GURG\QDPLFVRIIORRGZDWHU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/XPEURVR	'DYLVRQ7KHVWDELOLW\WKUHVKROGIRUSHRSOH
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ERG\KHLJKWDQGZHLJKW0RUHUHFHQWO\DIORRGSHGHVWULDQVLPXODWRUZDVGHYHORSHGE\6KLUYDQLHW
DO  WKDW G\QDPLFDOO\ FRXSOHV D K\GURG\QDPLF $%0 WR D SHGHVWULDQ $%0 7KLV VLPXODWRU
FDSWXUHVERWKZD\LQWHUDFWLRQVDFURVVWKHIORRGLQJDQGSHGHVWULDQG\QDPLFVLQVSDFHDQGWLPHDQG
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FRQGXFWHGH[SHULPHQWVRQKXPDQVXEMHFWVWRLGHQWLI\WKUHVKROGV
RISHRSOHVWDELOLW\LQUHODWLRQWRZDWHUGHSWKDQGYHORFLW\;LDHWDOFRQGXFWHGH[SHULPHQWV
WKDWDUHPRUHIRFXVHGRQWKHSURSHUWLHVRIERG\VL]HDQGKHLJKWEDVHGRQVDPSOHVPDGHIURPUHDO
SHRSOHDQGPDQQHTXLQVWRLGHQWLI\IRUPXODHIRUPRGHOOLQJWRSSOLQJDQGVOLGLQJRIKXPDQVDFFRUGLQJ
WRWKHLUERG\FKDUDFWHULVWLFV,VKLJDNLHWDOFRQGXFWHGH[SHULPHQWVLQDODERUDWRU\IOXPHWR
UHODWHKXPDQZDONLQJVSHHGWRVSHFLILFIRUFHZLWKDSSOLFDWLRQWRXQGHUJURXQGIORRGLQJHYDFXDWLRQ
3RVWDFFKLQLHWDODOVRFRQGXFWHGDVHWRIH[SHULPHQWVWRHVWLPDWHWKHZDONLQJVSHHGEDVHGRQ
ZDWHU GHSWK DQG YHORFLW\ DV SDLUHG ZLWKLQ VSHFLILF IRUFH DQG SURYLGHG DQ HPSLULFDO IRUPXOD IRU

HVWLPDWLQJYDULDEOHSHRSOHZDONLQJVSHHGLQIORRGZDWHU/HHHWDOFRQGXFWHGH[SHULPHQWVWR
TXDQWLI\WKHZDONLQJDQGUXQQLQJVSHHGRIDVVLVWHGDQGXQDVVLVWHGHOGHUO\SHRSOHLQVZLPPLQJSRROV
ZLWKZDWHUGHSWKVRIDQGFP7KHLUVWXG\LGHQWLI\DVLJQLILFDQWGLIIHUHQFHLQWKH
HYDFXDWLRQ VSHHG RI HOGHUO\ UHODWLYH WR WKDW RI \RXQJHU RQHV PRYLQJ LQ WKH VDPH GHSWK RI ZDWHU
%HUQDUGLQLHWDOIXUWKHULPSURYHGWKHIRUPXODHRI3RVWDFFKLQLHWDOWRIXUWKHUDFFRXQW
IRUSHRSOH¶VJHQGHUDJHDQGERG\FKDUDFWHULVWLFV+RZHYHUVXFKIRUPXODHDUH\HWWREHLPSOHPHQWHG
DVEHKDYLRXUUXOHVLQSHGHVWULDQHYDFXDWLRQPRGHOVWRDVVHVVWKHH[WHQWWRZKLFKWKH\FDQLPSURYH
HYDFXDWLRQSODQQLQJVWUDWHJLHVLQIORRGLQJHPHUJHQFLHV
7KLVSDSHUH[SORUHVWKHUHOHYDQFHRILQFUHDVLQJWKHOHYHORIVRSKLVWLFDWLRQRIWKHEHKDYLRXUDO
UXOHV JRYHUQLQJ WKH PRELOLW\ RI LQGLYLGXDO SHGHVWULDQV LQ IORRGZDWHU IRU IORRG ULVN DQDO\VLV 7KH
H[SORUDWLRQLVIDFLOLWDWHGE\DXJPHQWLQJWKHIXQFWLRQDOLW\RIDIORRGSHGHVWULDQVLPXODWRUWKDWFRXSOHV
YDOLGDWHGK\GURG\QDPLFDQGSHGHVWULDQ$%0V6HFWLRQ7KHVLPXODWRULVDXJPHQWHGVRWKDWLW
FRQFXUUHQWO\RXWSXWVVSDWLDODQGWHPSRUDORXWFRPHVRQWKHULVNVWDWHVRISHGHVWULDQVLQIORRGZDWHULQ
UHODWLRQWRWKH+5PHWULF6HFWLRQDQGWKHLUVWDWHVRIZDONLQJVSHHGZKHQVWDEOHRURWKHUZLVH
WKHLUXQVWDEOHVWDWHVGXHWRWRSSOLQJDQGRUVOLGLQJ6HFWLRQVDQG7KHDXJPHQWHGVLPXODWRU
LQFRUSRUDWHVUDQGRPLVHGSHGHVWULDQVZLWKYDULRXVERG\KHLJKWDQGZHLJKWDQGH[SHULPHQWDOO\YDOLG
EHKDYLRXUDOUXOHVDFURVVWKH$%0VLQLQWHJUDWLQJZDONLQJVSHHGVWDWHVRUXQVWDEOHVWDWHVRILQGLYLGXDO
SHGHVWULDQVLQIORRGZDWHU7KHDXJPHQWHGVLPXODWRULVDSSOLHGWRUHSOLFDWHV\QWKHWLFWHVWFDVHRIDQ
HPHUJHQF\HYDFXDWLRQRIRQHWKRXVDQGSHGHVWULDQVGXULQJDZRUVWFDVHVFHQDULRIORRGLQJ6HFWLRQ
7KHVLPXODWRUUXQVDUHDSSOLHGGLDJQRVWLFDOO\XQGHUWKUHHFRQILJXUDWLRQPRGHVZKLOHLQFUHDVLQJ
WKHOHYHORIVRSKLVWLFDWLRQRIWKHEHKDYLRXUUXOHVWRV\VWHPDWLFDOO\HYDOXDWHWKHUHODWLYHFKDQJHVLQ
WKHRXWFRPHVDFURVVWKHPRGHV6HFWLRQ7KHRXWFRPHVRIVLPXODWRUDUHGLVFXVVHGFRQVLGHULQJ
SUDFWLFDOLPSOLFDWLRQVIRUIORRGULVNDVVHVVPHQWEDVHGRQIRFXVHGDQDO\VLVWRWKHSHGHVWULDQUHVSRQVH
G\QDPLFVDQGRXWOD\LQJOLPLWDWLRQV6HFWLRQ&RQFOXVLRQVDUHGUDZQ6HFWLRQUHIOHFWLQJRQ
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)LJXUH7KHSURFHVVIRUJHQHUDWLQJDQGUXQQLQJDQDJHQWEDVHGVLPXODWLRQSURJUDPRQ
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ZZZIODPHJSXFRPKRPH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
)ORRGSHGHVWULDQVLPXODWRU
7KHIORRGSHGHVWULDQVLPXODWRUFRXSOHVDK\GURG\QDPLF$%0WRDSHGHVWULDQ$%0IRUPRGHOOLQJ
WKHWZRZD\LQWHUDFWLRQVEHWZHHQIORRGLQJDQGLQGLYLGXDOV6KLUYDQLHWDO,WLVLPSOHPHQWHG
YLDWKH)OH[LEOH/DUJHVFDOH$JHQWEDVHG0RGHOOLQJ(QYLURQPHQWIRUWKH*38)/$0(*38ZKLFK
DOORZVWKHVLPXODWLRQRIPXOWLSOHDJHQWLQWHUDFWLRQVRQ&8'$FRUHVRID*UDSKLFDO3URFHVVLQJ8QLW
*385LFKPRQGHWDO&KLPHK	5LFKPRQG)/$0(*38SODWIRUPDOORZVWRFUHDWH
DQGUXQD&8'$VLPXODWLRQSURJUDPE\SURFHVVLQJWKUHHLQSXWV)LJXUH7KH;0/0RGHO)LOH[PO
LV ZKHUH D XVHUGHILQHV IRUPDO DJHQW VSHFLILFDWLRQV LQFOXGLQJ WKHLU GHVFULSWLYH LQIRUPDWLRQ W\SH
QXPEHUV SURSHUWLHV HWF $Q DJHQW FDQ EH VSHFLILHG LQ VSDFH DV HLWKHU GLVFUHWH RU FRQWLQXRXV
)/$0(*38'RFXPHQWDWLRQDQG8VHU*XLGH'LVFUHWHDJHQWVKDYHIL[HGFRRUGLQDWHVDQGPXVWEH
SUHDOORFDWHGLQWKHPHPRU\RIWKH*38DV'JULGRIVL]HRIDSRZHURIWZRQXPEHUHJî
 î   î   î  HWF &RQWLQXRXV DJHQWV FKDQJH WKHLU FRRUGLQDWHV DQG WKHLU
SRSXODWLRQWKH\FDQEHRIDQ\QXPEHUDVPXFKDVWKH*38PHPRU\FDQDFFRPPRGDWH7KHLQSXW[PO
ILOHFRQWDLQV WKH LQLWLDOFRQGLWLRQVRI WKHYDULDEOHVRIVWDWHRIDOO WKHGHILQHGDJHQWV ,QDVLQJOH&
VFULSWWKHEHKDYLRXUUXOHVWRXSGDWHDOODJHQWVDUHLPSOHPHQWHGDQGLQFOXGHV7UDQVLWLRQIXQFWLRQVWR
DFKLHYHG\QDPLFPHVVDJHFRPPXQLFDWLRQDFURVVPXOWLSOHDJHQWVDVWKH\JHWVLPXOWDQHRXVO\XSGDWHG
)/$0(*38 'RFXPHQWDWLRQ DQG 8VHU *XLGH 7KH DJHQW VSHFLILFDWLRQV LQYROYHG LQ WKH IORRG
SHGHVWULDQVLPXODWRUDORQJVLGHWKHLUG\QDPLFXSGDWHLVH[SODLQHGQH[WLQ6HFWLRQ

$JHQWVSHFLILFDWLRQVDQGXSGDWHV
:LWKLQWKHSHGHVWULDQ$%0WZRDJHQWW\SHVDUHVSHFLILHGQDYLJDWLRQDJHQWVDQGSHGHVWULDQDJHQWV
1DYLJDWLRQDJHQWVDUHGHILQHGWREHGLVFUHWHRQDJULGVL]HRIîVSDQQLQJDQDYLJDWLRQPDS
RQWKHVWXG\GRPDLQZKHUHDVSHGHVWULDQDJHQWVDUHFRQWLQXRXVVRWKDWWKH\FDQFKDQJHFRRUGLQDWHV
LQ VSDFH DQGRYHU WLPH(DFKQDYLJDWLRQ DJHQW FDQ FRQWDLQPDQ\SHGHVWULDQ DJHQWV DW D WLPHDQG
FRQWDLQV LQIRUPDWLRQRQZKHUHSHGHVWULDQ DJHQWV LQVLGH LW VKRXOGJRQDPHO\ WKH ORFDWLRQRI WKH
HQWUDQFHVH[LWVDQGWHUUDLQREVWDFOHVNH\GHVWLQDWLRQVWKDWDUHVSHFLILHGLQWKH[POILOHV)LJXUH
3HGHVWULDQDJHQWVUHFHLYHWKLVLQIRUPDWLRQDVDPHVVDJHIURPWKHQDYLJDWLRQDJHQWWKH\DUHORFDWHG
DWDVWKH\PRYHRQWKHQDYLJDWLRQJULG7KHSHGHVWULDQ$%0RQ)/$0(*38.DUPDNKDUPHWDO
DGRSWVDYDOLGDWHG6)0XVHGIRUPRGHOOLQJSHGHVWULDQIORZDQGHYDFXDWLRQG\QDPLFVRQGU\
VWXG\ GRPDLQV +HOELQJ 	 0ROQiU  +HOELQJ HW DO  7KH QDYLJDWLRQ DJHQWV GLUHFW WKH
SHGHVWULDQDJHQWVE\DVHWRIQDYLJDWLRQUXOHVUHFHLYHGDVPHVVDJHV7KHZDONLQJVSHHGRISHGHVWULDQ
DJHQWVLQDGU\DUHDLVLQLWLDOLVHGWRPVUHSUHVHQWDWLYHRIDQDYHUDJHKXPDQZDONLQJVSHHG:LUW]
	5LHV0RKOHUHWDOEXWWKHH[LVWLQJUXOHVDOORZWKHSHGHVWULDQDJHQWVWRORFDOO\LQFUHDVH
RUGHFUHDVHWKHLUZDONLQJVSHHGWRDYRLGFROOLVLRQVZLWKHDFKRWKHURUZLWKREVWDFOHV
 7KHK\GURG\QDPLF$%0LVPDGHRIDJULGRIGLVFUHWHIORRGDJHQWVRIWKHVDPHVL]HDVWKHJULG
RIQDYLJDWLRQDJHQWVVRWKDWWRHQVXUHDOLJQHGGLVWULEXWLRQV(DFKIORRGDJHQWVWRUHVLWVSRVLWLRQ[P
DQG\PWHUUDLQSURSHUWLHVLQWHUPVRIKHLJKW]PDQGURXJKQHVVSDUDPHWHUQ0VPDQGVWDWHV
RIIORRGZDWHUYDULDEOHVLQWHUPVRIZDWHUGHSWKGPDQGYHORFLW\FRPSRQHQWVݒ௫PVDQGݒ௬PV
7KHVWDWHVRIIORRGZDWHUYDULDEOHVVWRUHGLQDOOWKHIORRGDJHQWVDUHVLPXOWDQHRXVO\XSGDWHGYLDDQRQ
VHTXHQWLDOLPSOHPHQWDWLRQ6KLUYDQLHWDORIDUREXVWILQLWHYROXPHQXPHULFDOVROYHUIRUWKH
VKDOORZZDWHUHTXDWLRQVWKDWLVYDOLGDWHGIRUUHDOZRUOGDSSOLFDWLRQV:DQJHWDO
7KHFRXSOLQJEHWZHHQWKHSHGHVWULDQDQGK\GURG\QDPLF$%0VLVDFKLHYHGXVLQJWKHJULGRI
QDYLJDWLRQDJHQWVDVLQWHUPHGLDWHDQGYLDDOORFDWLQJDGKRFPHVVDJHV(DFKQDYLJDWLRQDJHQWLVVHWWR
UHFHLYHDPHVVDJHIURPWKHIORRGDJHQWDW WKHVDPHSRVLWLRQUHYHDOLQJLWVVWRUHGLQIRUPDWLRQ7KH
QDYLJDWLRQDJHQWLVVHWWRSURFHVVWKLVLQIRUPDWLRQLQWRDIORRG+D]DUG5DWH+5TXDQWLW\DQGLQWXUQ

PHVVDJHLWWRDQ\SHGHVWULDQDJHQWORFDWHGLQLWVDUHD6KLUYDQLHWDO+HUHWKHSHGHVWULDQDJHQWV
ZLOOEHHYDFXHHVRQFHDSRVLWLYHZDWHUGHSWKLQIRUPDWLRQLVUHFHLYHGE\DQ\QDYLJDWLRQDJHQWRQWKH
QDYLJDWLRQJULGSHGHVWULDQDJHQWVZLOOQRORQJHUEHHQWHULQJWKHGRPDLQDQGWKRVHUHPDLQLQJLQWKH
GRPDLQZLOOEHHYDFXDWLQJWRDQHPHUJHQF\H[LWGHVWLQDWLRQVSHFLILHGE\WKHXVHURQWKHQDYLJDWLRQ
JULG7KHSHGHVWULDQDJHQWVLQWKHIORRGHGGRPDLQUHFHLYHWKH+5TXDQWLW\IURPWKHQDYLJDWLRQDJHQW
FRQWDLQLQJWKHP(VWLPDWLQJDIORRG+5XVXDOO\LQYROYHVPHDVXULQJDSURGXFWTXDQWLW\RIZDWHUGHSWK
GWRDYHORFLW\PDJQLWXGHݒ ൌ ሺȁݒ௫ȁǡ ȁݒ௬ȁሻ&RVWDELOHHWDO)ROORZLQJ.YRþNDHWDO
DQG:LOOLVHWDOWKHGHJUHHRIIORRG+5LVHVWLPDWHGDV+5 ݒîGLQOLQHZLWKWKH
ULVNWRSHRSOHPHWKRGGHYHORSHGIRUWKH8.(QYLURQPHQW$JHQF\,QWKHSUHYLRXVYHUVLRQRI
WKHVLPXODWRU6KLUYDQLHWDOVLPSOLILHGEHKDYLRXUDOUXOHVZHUHDGRSWHGWRPRGHOWKHUHVSRQVH
RIWKHSHGHVWULDQDJHQWVDVWKH\HYDFXDWHLQIORRGZDWHUDVVXPLQJWKDWDOOSHGHVWULDQVKDGXQLIRUP
ERG\VL]HDQGPDVVDQGWKDWWKHLULQGLYLGXDOV¶IORRGULVNVWDWHDQGZDONLQJVSHHGVWDWHGLUHFWO\UHODWHV
WRWKH+5TXDQWLW\7DEOH

7DEOH:DONLQJVSHHGDQGIORRGULVNVWDWHVRILQGLYLGXDOSHGHVWULDQVLQIORRGZDWHUDFFRUGLQJWRWKHUDQJHV
+5UHSRUWHGLQWKHULVNWRSHRSOHPHWKRG(QYLURQPHQW$JHQF\.YRþNDHWDO
+5UDQJH )ORRGULVNVWDWH :DONLQJVSHHGVWDWH
  µ/RZ¶VDIHIRUDOO PVEULVNZDONWRUXVKHYDFXDWLRQ
  µ0HGLXP¶GDQJHUIRUVRPHLHFKLOGUHQ PVEULVNZDONWRUXVKHYDFXDWLRQ
  µ+LJK¶GDQJHUIRUPRVW PVVORZZDONKLQGHUHGE\IORRGZDWHU
  µ6HYHUH¶GDQJHUIRUDOO PVFDQQRWZDONGXHWRVHYHUHIORRGZDWHU

,QWKLVZRUNSHGHVWULDQVZLWKGLIIHUHQWERG\KHLJKWDQGPDVVDUHFRQVLGHUHGYLDDUDQGRPO\
DVVLJQHGERG\KHLJKWZLWKLQDIL[HGVHWRISUHGHILQHGUDQJHVDVVKRZQLQ)LJXUH7KHSHUFHQWDJHRI
GLVWULEXWLRQRIERG\KHLJKWUDQJHVSHFLILHGIRUWKHSHGHVWULDQDJHQWVKDVEHHQEDVHGRQWKHZRUOGGDWD
UHSRUW5RVHUHWDO3HGHVWULDQVVKRUWHUWKDQFPDUHH[FOXGHGDVVXPLQJWKDWWKH\DUHNLGV
WKDWZRXOGEHFDUULHGE\DGXOWV3HGHVWULDQVLQWKHUDQJHRIFPDUHFKLOGUHQZKRFRXOGQRW
EHFDUULHGZLWKDERG\PDVVHVWLPDWHGWRPS OSî%0,'LVDEOHG:RUOGZKHUH%0,NJ
PGHQRWHVWKHERG\PDVVLQGH[KHUHWDNHQDVDQLGHDODYHUDJHIRUFKLOGUHQDQGOSPLVWKH
ERG\KHLJKW$Q\SHGHVWULDQDERYHFP LVFRQVLGHUHGDVDQDGXOW DQG WKHLUERG\PDVV PS LV

HVWLPDWHGE\WKHIRUPXODRI.RNRQJHWDOZKLFKLVPS >îOS@î7KLVIRUPXODKDV
EHHQXVHGZLWKDUDQGRPLVHGXQFHUWDLQW\WRDFFRXQWIRUGHYLDWLRQVLQWKHHVWLPDWHGPS$OVR
H[SHULPHQWDOO\YDOLGEHKDYLRXUDOUXOHVIRUUHSUHVHQWLQJSHGHVWULDQDJHQWPRELOLW\LQIORRGZDWHUDUH
QHZO\LPSOHPHQWHGWRPRUHUHDOLVWLFDOO\DFFRXQWIRUYDULDEOHZDONLQJVSHHGVWDWHV6HFWLRQDQG
IORRGULVNVWDWHVLQFOXGLQJWKHXQVWDEOHVWDWHVGXHWRWKHULVNRIWRSSOLQJDQGVOLGLQJ6HFWLRQ

)LJXUH%RG\KHLJKWGLVWULEXWLRQRISHGHVWULDQVFKDUDFWHULVHGDFFRUGLQJWRWKHZRUOG¶VGDWDUHSRUW

9DULDEOHZDONLQJVSHHGVWDWHV
7KH HPSLULFDO IRUPXOD LQ %HUQDUGLQL HW DO E DQG 3RVWDFFKLQL HW DO  KDV EHHQ
LPSOHPHQWHG WRDFFRXQW IRUYDULDEOHZDONLQJVSHHGVWDWHV LQ IORRGZDWHUIRU WKHSHGHVWULDQDJHQWV
7KLVIRUPXODZDVGHWHUPLQHGH[SHULPHQWDOO\EDVHGRQWKHPLQLPXPHYDFXDWLRQVSHHGDPRQJVWDOO
WKH LQGLYLGXDOV ZKR SDUWLFLSDWHG LQ WKH H[SHULPHQW DQG ZDONHG DV IDVW DV SRVVLEOH 7KH SK\VLFDO
FKDUDFWHULVWLFVRIWKHSDUWLFLSDWLQJLQGLYLGXDOVFORVHO\FRUUHVSRQGVWRWKHPHDQERG\KHLJKWFP
IRUPHQDQGFPIRUZRPHQDQGZHLJKWNJIRUPHQDQGNJIRUZRPHQRIWKH8.
SRSXODWLRQ 0RRG\  'HQRWLQJ ௜ܸ WR EH WKH ZDONLQJ VSHHG RI HDFK SHGHVWULDQ DJHQW ݅ WKH
HPSLULFDOIRUPXODUHDGV
௜ܸ ൌ  ?Ǥ ? ?ିܯ଴Ǥଵଽ       ܯLVDIXQFWLRQRIVSHFLILFIRUFHSHUZLGWKXQLWFDOFXODWHGEDVHGRQWKHZDWHUGHSWKGDQGWKHYHORFLW\
PDJQLWXGHYܯ ൌ ௩మௗ௚ ൅ ௗమଶ ZLWK݃ LVWKHJUDYLWDWLRQDOFRQVWDQW/LNHZLWK+5HDFKQDYLJDWLRQDJHQW

XVHV WKH UHFHLYHG IORRGDJHQW LQIRUPDWLRQ WR HYDOXDWHܯ HVWLPDWH ௜ܸ YLD(T  DQG VHQG LW DV D
PHVVDJHWRDQ\SHGHVWULDQDJHQWV݅ZLWKLQLWVDUHDDWFHUWDLQWLPH

6WDELOLW\FRQGLWLRQV
7R LQFRUSRUDWH VWDELOLW\ FRQGLWLRQV RISHGHVWULDQV DV SDUW RI WKH IORRG ULVN VWDWHV WKH H[SUHVVLRQV
GHWHUPLQHGLQ;LDHWDODUHFRPSXWHGWRILQGWKHLQFLSLHQWYHORFLW\OLPLWV ௖ܷIRUKXPDQERG\
VWDELOLW\LQIORRGZDWHU7KHVHH[SUHVVLRQVFRPELQHPXOWLSOHIRUFHVWKDWOHDGWRWRSSOLQJDQGRUVOLGLQJ
RIIORRGHGLQGLYLGXDOV LQFOXGLQJEXR\DQF\GUDJHIIHFWLYHZHLJKWDQGIULFWLRQDOIRUFHV7KHOLPLWV
௖ܷሺ௧௢௣௣௟௜௡௚ሻDQG ௖ܷሺ௦௟௜ௗ௜௡௚ሻEH\RQGZKLFKDKXPDQERG\ORVHVVWDELOLW\LQIORRGZDWHUDUH
௖ܷሺ௧௢௣௣௟௜௡௚ሻ ൌ ܽ൬ ௗ௛೛൰ఉ ට ௠೛ఘ೑ௗమ െ ൬௔భ௛೛మ െ ௕భௗ௛೛൰ ൫ܽଶ݉௣ ൅ ܾଶ൯    
௖ܷሺ௦௟௜ௗ௜௡௚ሻ  ൌ ܽ൬ ௗ௛೛൰ఉ ට ௠೛ఘ೑௛௛೛ െ ൬ܽଵ ௗ௛೛ ൅ ܾଵ൰ ൫௔మ௠೛ା௕మ൯௛೛మ      
ZKHUHߩ௙ NJPLVWKHGHQVLW\RIZDWHUKSPDQGPSNJVWDQGIRUWKHKHLJKWDQGPDVVRID
KXPDQERG\UHVSHFWLYHO\ZLWKD E D DQGE EHLQJQRQ
GLPHQVLRQDO FRHIILFLHQWV GHILQLQJ WKH FKDUDFWHULVWLF SDUDPHWHUV RI WKH KXPDQ ERG\ VWUXFWXUH 7KH
SDUDPHWHUVܽ DQGߚ DUHUHODWHGWRKXPDQERG\VKDSHZKLFKZHUHFDOLEUDWHGXVLQJ
ODERUDWRU\H[SHULPHQWV;LDHWDO:LWKLQWKHIORRGSHGHVWULDQVLPXODWRUOLNHZLWK+5DQGܯ
HDFKQDYLJDWLRQDJHQWXVHWKHUHFHLYHGIORRGDJHQWLQIRUPDWLRQWRHYDOXDWHܷ ௖ሺ௧௢௣௣௟௜௡௚ሻDQGܷ ௖ሺ௦௟௜ௗ௜௡௚ሻ
DQGWKHQDVVLJQDVWDELOLW\VWDWHWRDQ\SHGHVWULDQDJHQWVZLWKLQLWVDUHDDVGHVFULEHGLQ7DEOH

7DEOH7KHVWDELOLW\VWDWHVRISHGHVWULDQDJHQWVLQWKHIORRGSHGHVWULDQVLPXODWRULGHQWLILHGE\FRPSDULQJ
WKHWRSSOLQJDQGVOLGLQJLQFLSLHQWYHORFLWLHVWRWKHYHORFLW\PDJQLWXGHRIIORRGZDWHU
&RQGLWLRQ 6WDELOLW\VWDWHRIDSHGHVWULDQLQIORRGZDWHUݒ ൏ ௖ܷሺ௧௢௣௣௟௜௡௚ሻDQGݒ ൏ ௖ܷሺ௦௟௜ௗ௜௡௚ሻ µ6WDEOH¶ZLWKDYDULDEOHZDONLQJVSHHGݒ ൐ ௖ܷሺ௧௢௣௣௟௜௡௚ሻDQGݒ ൏ ௖ܷሺ௦௟௜ௗ௜௡௚ሻ µ7RSSOLQJ¶]HURZDONLQJVSHHGݒ ൏ ௖ܷሺ௧௢௣௣௟௜௡௚ሻDQGݒ ൐ ௖ܷሺ௦௟௜ௗ௜௡௚ሻ µ6OLGLQJ¶]HURZDONLQJVSHHGݒ ൐ ௖ܷሺ௧௢௣௣௟௜௡௚ሻDQGݒ ൏ ௖ܷሺ௦௟௜ௗ௜௡௚ሻ µ7RSSOLQJDQGVOLGLQJ¶]HURZDONLQJVSHHG



)LJXUH6NHWFKRIWKHK\SRWKHWLFDOVKRSSLQJFHQWUHWKHPHVKHGDUHDLVZKHUHSHGHVWULDQVFDQZDONWRWKH
HQWUDQFHGRRUVWKDWDUHFRORXUHGLQµ\HOORZ¶$IWHUWKHIORRGVWDUWVDOOSHGHVWULDQVZLOOHYDFXDWHWRZDUGVWKH
µHPHUJHQF\H[LW¶7KHEORFNVLQµEURZQ¶LQGLFDWHWHUUDLQIHDWXUHVDQGWKHµEOXH¶DUHDLQWKHVRXWKHUQSDUW
VKRZVWKHORFDWLRQIURPZKHUHWKHIORRGLQJLQIORZEUHDFKHV

6\QWKHWLFWHVWFDVHDQGVLPXODWLRQVHWXS
7RH[SORUH WKHEHQHILWRI LQFUHDVLQJ OHYHORIVRSKLVWLFDWLRQ LQ WKHEHKDYLRXUDO UXOHVJRYHUQLQJ WKH
PRELOLW\ SHGHVWULDQ DJHQWV LQ IORRGZDWHU WKH V\QWKHWLF WHVW FDVH RI D IORRGHG VKRSSLQJ FHQWUH LQ
6KLUYDQLHWDOLVUHFRQVLGHUHGIRUWKHHYDFXDWLRQVFHQDULR7KHWHVWFDVHLQYROYHVDFURZGRI
ZDONLQJSHGHVWULDQVWKDWJHWH[SRVHGWRIORRGLQJZLWKQRHDUO\ZDUQLQJQRUHDUO\HYDFXDWLRQSODQ,W
VWXGLHV WKHEHKDYLRXURISHGHVWULDQVEHIRUHDQGGXULQJ DVHYDFXHHV WKHSURSDJDWLRQRI WKH IORRG
K\GURG\QDPLFVZKLOHPRYLQJWRDQHPHUJHQF\H[LW)LJXUH7KHDUHDRIWKHVKRSSLQJFHQWUHLV
îPFKRVHQFRQVLGHULQJWKHDYHUDJHDUHDVL]HRI8.¶VODUJHVWVKRSSLQJFHQWUHV*LEVRQHW
DO*OREDOGDWD&RQVXOWLQJ6HQ1DJ7XJED,WLQFOXGHVVWRUHVORFDWHGDWWKH
HDVW DQG ZHVW VLGH VHSDUDWHG E\ FRUULGRUV OLQNLQJ WKH HQWUDQFHGRRUV WR DQ RSHQ DUHD )LJXUH
7KURXJKWKHVHFRUULGRUVSHGHVWULDQVFDQHQWHUWKHRSHQDUHDDQGZDONWRZDUGWKHLUGHVWLQDWLRQV7KH
RSHQDUHDLVDVVXPHGWREHRFFXSLHGE\SHGHVWULDQVZKRFDQHQWHUDQGOHDYHIURPHQWUDQFHGRRUV
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)LJXUH7KHRWKHUWKUHHSDLUVUHSUHVHQWLQJLQFUHDVLQJO\
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
7RDQDO\VH IORRGLQJFRQVHTXHQFHV UHODWLYH WR WKH IRXU IORRGFRQGLWLRQV WKHK\GURG\QDPLF
$%0LVUXQIRUDOOIRXULQIORZK\GURJUDSKZLWKVOLSQXPHULFDOERXQGDU\FRQGLWLRQVIRUWKHQRUWKHUQ
VLGHDQGZDOO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ERXQGDU\FRQGLWLRQVIRUWKHHDVWHUQDQGZHVWHUQVLGHV)LJXUH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PLQXWHV:LWKWKHSDLUVPVPLQ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PVPLQ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PVPLQWKHPD[LPXP+5
EDUHO\H[FHHGV³´RYHUDYHU\VKRUWGXUDWLRQ7KLVLQGLFDWHVWKDWWKHVHIORRGFRQGLWLRQVFDQDWZRUVW
OHDGWRPHGLXPIORRGULVNVWDWHV,QFRQWUDVWWKHSDLUPVPLQOHDGVWRPXFKKLJKHUUDQJH
RIPD[LPXP+5RFFXUULQJRYHUWKHILUVWPLQXWHRIIORRGLQJ$VEHLQJWKHZRUVWFDVHVFHQDULR
RQO\WKHIORRGFRQGLWLRQEDVHGRQWKHK\GURJUDSKPVPLQZLOOEHFRQVLGHUHGODWHURQIRU
WKHVLPXODWLRQRISHGHVWULDQPRYHVDQGUHVSRQVHVLQWRIORRGZDWHU
7KHVLPXODWRULVUXQDJULGRIîIORRGDJHQWVLQWHUDFWLQJZLWKDJULGRIî
QDYLJDWLRQDODJHQWVZKHUHSHGHVWULDQDJHQWVFDQVSDQDQGPRYHLHDIL[HGJULGUHVROXWLRQRI
PDQGSHGHVWULDQDJHQWVDUHVHOHFWHGDVVXPLQJDSHDNKRXULHZDONLQJDWDUHVROXWLRQRI
P:KHQWKHGRPDLQLVZHWWKHDGDSWLYHWLPHVWHSVHOHFWHGXQGHUWKH&)/FULWHULRQ:DQJHWDO
RIWKHK\GURG\QDPLF$%0JRYHUQHGZKHUHDVRWKHUZLVHDVWLPHVWHSLVXVHGE\GHIDXOW
7KHSHGHVWULDQ$%0LVVHWWRKDYHDFRQVWDQWUDWHRIHQWHULQJOHDYLQJSHGHVWULDQVSHUHQWUDQFHH[LW
VXFKWKDWWRPDLQWDLQDWRWDORIZDONLQJSHGHVWULDQVEHIRUHIORRGLQJKDSSHQVW PLQWKHUHE\
DOORZLQJSHGHVWULDQVWRVSUHDGDOORYHUWKHZDONDEOHDUHD)LJXUH$VVRRQDVIORRGLQJHQWHUVWKH
GRPDLQDWW PLQWKHSHGHVWULDQVEHFRPHHYDFXHHVDQGWKHVLPXODWLRQLVVHWWRWHUPLQDWHZKHQDOO
HYDFXHHVOHDYHWKHGRPDLQYLDWKHHPHUJHQF\H[LW)LJXUH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,QDVLQJOHUXQWKHFRXSOHG$%0VVLPXODWRULVVHWSURFHVVDQGUHFRUGHYHU\WLPHVWHSWKH
LQIRUPDWLRQVWRUHGLQWKHIORRGDJHQWVFRRUGLQDWHVZDWHUGHSWKYHORFLW\PDJQLWXGHDQG+5DQGRI
UHOHYDQFHWRVWXG\WKHPRELOLW\RIWKHSHGHVWULDQDJHQWVFRRUGLQDWHVIORRGULVNVWDWHVUHODWLQJWRWKH
UDQJHVRI+5OLVWHGLQ7DEOHXQVWDEOHVWDWHVGXHWRWRSSOLQJDQGRUVOLGLQJDQGZDONLQJVSHHGZKHQ
LQDVWDEOHVWDWH6LPXODWLRQVDUHUXQE\WDNLQJDGLDJQRVWLFDSSURDFKLQYROYLQJWKUHHFRQILJXUDWLRQ
PRGHVZLWKV\VWHPDWLFLQFUHDVHLQWKHOHYHORIVRSKLVWLFDWLRQIRUWKHSHGHVWULDQEHKDYLRXUDOUXOHV
x µ0RGH¶RQO\XVHVWKHVLPSOLILHGUXOHVZLWKFRQVWDQWZDONLQJVSHHGV7DEOH
x µ0RGH¶LQWHJUDWHVYDULDEOHZDONLQJVSHHGVXVLQJWKHHPSLULFDOIRUPXODRI(T
x µ0RGH¶IXUWKHULQWHJUDWHVWKHVWDELOLW\UXOHVDVGHVFULEHGLQ7DEOH
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  
0RGH
 D E
)LJXUH1XPEHURIHYDFXDWLQJSHGHVWULDQVGXULQJWKHPLQXWHIORRGLQJLQVLPXODWLRQPRGHVWRD
IORRGULVNVWDWHVLQWHUPVRIORFDO+5UDQJHV7DEOHDQGEVWDWHVRIXQVWDEOHSHGHVWULDQVXQGHUWRSSOLQJ
DQGRUVOLGLQJ7DEOH

1XPHULFDOUHVXOWV
$QDO\VLVRIIORRGULVNDQGVWDELOLW\VWDWHV
)LJXUHVKRZVWKHWLPHKLVWRU\RIWKHQXPEHURIHYDFXDWLQJSHGHVWULDQVIRUWKHVLPXODWLRQPRGHV
WRLQWHUPVRI+5UHODWHGVWDWHV)LJXUHDDQGXQVWDEOHVWDWHV)LJXUHE,QPRGH)LJXUHD
XSSHUSDUWWKHVLPXODWRUSUHGLFWHGDQHYDFXDWLRQWLPHRIOHVVWKDQPLQXWHV)LJXUHDXSSHUSDUW
µEODFN¶ GRWWHG OLQH ,Q WKH ILUVW  PLQXWHV )LJXUH D XSSHU SDUW µEOXH¶ OLQH WKH PDMRULW\ RI
SHGHVWULDQVZDONLQGU\DUHDV)LJXUHDXSSHUSDUWµJUHHQ¶OLQHZKLOHWKHUHVWZDONLQDORZULVN
VWDWHRI+5)LJXUHDXSSHUSDUWµEOXH¶OLQHZKHUHWKH\UHPDLQDEOHWRZDONZLWKRXWORVLQJ
VWDELOLW\)LJXUHEXSSHUSDUW$IWHUPLQXWHV+5)LJXUHDXSSHUSDUWµRUDQJH¶
OLQHLQGLFDWLQJDQLQFUHDVHLQWKHIORRGULVNVWDWHWRPHGLXPWRDERXWSHGHVWULDQV%\PLQXWHV

+5EHFRPHVKLJKHU WKDQ)LJXUHDXSSHUSDUW µUHG¶ OLQH LPSRVLQJKLJK WRVHYHUIORRGULVN
VWDWHVRQDURXQGSHGHVWULDQV,QWKHSHULRGRIPHGLXPWRVHYHUHIORRGULVNWKHQXPEHURIXQVWDEOH
SHGHVWULDQV LQFUHDVHG HVSHFLDOO\ E\  PLQXWHV ZKHUH DURXQG  SHGHVWULDQV DUH µDW ULVN RI RQO\
WRSSOLQJ¶RUµDWULVNRIERWKWRSSOLQJDQGVOLGLQJ¶)LJXUHEXSSHUSDUWµGDUNUHG¶DQGµSXUSOH¶OLQHV
,QPRGH)LJXUHPLGGOHSDUWWKHVLPXODWRU¶VSUHGLFWLRQVFKDQJHVLJQLILFDQWO\UHODWLYHWR
PRGH1RZLWWDNHVPLQXWHVORQJHUIRUWKHSHGHVWULDQVWRHYDFXDWH)LJXUHDPLGGOHSDUW
µEODFN¶GRWWHGOLQH$OVRORZULVNVWDWHSHULRGVSDQVDVKRUWHUGXUDWLRQRIPLQXWHVDWWKHVWDUWRI
IORRGLQJEXWH[WHQGVEH\RQGPLQXWHVLQGLFDWLQJWKDWSHGHVWULDQVFDQVDIHO\HYDFXDWHRYHUODVW
PLQXWHV)LJXUHDPLGGOHSDUWµEOXH¶OLQH+HUHWKHPHGLXPWRVHYHUHVWDWHVDUHSUHGLFWHGWRRFFXU
DIWHUPLQXWHVDQGEHIRUHPLQXWHVUHODWLYHO\DIIHFWLQJPRUHZDONLQJSHGHVWULDQVDERXWDQG
UHVSHFWLYHO\0RGHDOVROHDGVWRDSURORQJHGSHULRGRIXQVWDEOHSHGHVWULDQVVKRZLQJDERXW
 LQGLYLGXDOV µDW ULVNRIRQO\ WRSSOLQJ¶RU µDW ULVNRIERWK WRSSOLQJDQGVOLGLQJ¶EHWZHHQ WR
PLQXWHVRIWKHIORRGWLPH)LJXUHEPLGGOHSDUW
,QPRGHHYHQPRUHSURORQJHGSHULRGVRIPHGLXPWRVHYHUHVWDWHVZLWKXQVWDEOHSHGHVWULDQV
DUHREVHUYHGWKHWRWDOHYDFXDWLRQWLPHRIPLQXWHVREVHUYHGLQPRGHQRZLQFUHDVHVWREH
PLQXWHV)LJXUHE ORZHUSDUW µEODFN¶GRWWHGOLQH7KHGXUDWLRQRI ORZIORRGULVNVWDWHVUHPDLQV
VLPLODU WR DV LQ PRGH  IRU WKH ILUVW  PLQXWHV EXW VSDQ D ORQJHU GXUDWLRQ DIWHU  PLQXWHV WKXV
LQGLFDWLQJWKDWWKHHYDFXDWLQJSHGHVWULDQVZRXOGEHLQDORZULVNVWDWHDIWHUPLQXWHV)LJXUHD
ORZHUSDUWµEOXH¶OLQH'XULQJWKLVSHULRGEHIRUHPLQXWHVDQGDIWHUPLQXWHVSHGHVWULDQVDUH
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%HWZHHQ
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SHGHVWULDQV ZLWK D PHGLXP VWDWH DQG RYHU  SHGHVWULDQV ZLWK KLJK WR VHYHU VWDWHV HYHQ DIWHU 
PLQXWHVRIIORRGWLPH'XULQJWKLVWLPHZLQGRZWKHULVNRIKDYLQJXQVWDEOHSHGHVWULDQVFRQVLVWHQWO\
ULVHVZLWKPRUHWKDQSHGHVWULDQVµDWULVNRIRQO\WRSSOLQJ¶RUµDWULVNRIERWKWRSSOLQJDQGVOLGLQJ¶
,WLVXVHIXOWRQRWHWKDWWKHULVNRIµRQO\VOLGLQJ¶DOWKRXJKLQFRUSRUDWHGZLWKLQWKHEHKDYLRXUDOUXOHV
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
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0RUHRYHUWKHHIIHFWLYHGLIIHUHQFHVEHWZHHQWKHVLPXODWRUSUHGLFWLRQVPDGHZLWKPRGHVDQG
UHODWLYHWRPRGHDUHTXDQWLWDWLYHO\DVVHVVHGXVLQJWKH5VTXDUHG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FRHIILFLHQWDQG/QRUP
HUURUZKLFKKDYHWKHIROORZLQJH[SUHVVLRQV
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ZKHUHWGHQRWHVWKHFXUUHQWWLPHDQG7WKHRXWSXWVLPXODWLRQWLPHܦ௧௠௢ௗ௘ଷLVDGDWDYDOXHDWWLPHW
REWDLQHGWKHVLPXODWRUXQGHUPRGHDQGܦ௧ெUHIHUVWRWKHGDWDYDOXHDWWKHVDPHWLPHWREWDLQHGZLWK
HLWKHURIWKHWZRRWKHUPRGHVܯ א ሼܯ݋݀݁ ?ǡ ܯ݋݀݁ ?ሽ7KHYDOXHVܦഥ௠௢ௗ௘ଷDQGܦഥெUHSUHVHQWWLPH
DYHUDJHGPHDQVDQG1VLVWKHVL]HRIDGDWDWLPHVHULHV7KH5FRHIILFLHQWWDNHVYDOXHVEHWZHHQ
DQGLQGLFDWLQJVWURQJHUFRUUHODWLRQZLWKPRGHUHVXOWVDVLWJHWVFORVHUWR7KH/QRUPHUURULV
PRUHHIIHFWLYHWRTXDQWLI\WKHDYHUDJHGHYLDWLRQVUHODWLYHWRPRGHDQGJHWVFORVHUWRLQOLQHZLWK
UHGXFHGGHYLDWLRQ7DEOHOLVWVWKH/QRUPHUURUVDQG5FRHIILFLHQWVTXDQWLI\LQJWKHGLIIHUHQFHVLQ
WHUPVRIQXPEHUVRISHGHVWULDQVSUHGLFWHGLQµGU\¶DUHDVLQµORZ¶µPHGLXP¶DQGµKLJKWRVHYHUH¶
IORRGULVNVWDWHVDQGZLWKXQVWDEOHVWDWHVGXHWRµWRSSOLQJRQO\¶DQGµWRSSOLQJDQGVOLGLQJ¶
7KH/QRUPHUURUVFOHDUO\LQGLFDWHVWKDWWKHGLVFUHSDQFLHVDPRQJWKHVLPXODWRUSUHGLFWLRQV
ZLWKWKHGLIIHUHQWPRGHVDUHVLJQLILFDQWH[FHSWIRUWKHQXPEHURISHGHVWULDQLQGU\DUHDVDVH[SHFWHG
DVWKHVDPHSHGHVWULDQ$%0ZDVDFWLYHZLWKWKHWKUHHVLPXODWLRQPRGHV$VH[SORUHGYLD)LJXUHD
NH\UHDVRQOHDGLQJWRVXFKODUJHGLVFUHSDQFLHVLVWKHPDMRUGLIIHUHQFHVLQHYDFXDWLRQWLPHVSUHGLFWHG
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XQGHUWKHWKUHHGLIIHUHQWPRGHV7KH/QRUPHUURUVDOVRVXJJHVWWKDWWKHSUHGLFWLRQVPDGHE\WKH
VLPXODWRUXQGHUPRGHDUHFORVHUWRWKRVHPDGHXQGHUPRGHZKLFKLVDOVRH[SHFWHGDVERWKPRGHV
DQGHPSOR\HGWKHVDPHYDULDEOHZDONLQJVSHHGUXOHV7KLVREVHUYDWLRQLVFOHDUHUE\DQDO\VLQJWKH
UDQJHRIWKH5FRHIILFLHQWVUHODWLYHWRPRGHLH5VXJJHVWLQJWKDWWKHHYDFXDWLRQ
SDWWHUQVSUHGLFWHGXVLQJPRGHDUHWRVLPLODUWRWKRVHXQGHUPRGHZKHUHDVWKRVHXQGHU
PRGH\LHOGUHVXOWVWKDWDUHDWYHU\EHVWVLPLODU
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